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SPECIFICATION 

Semiconductor Device and Method For Manufacturing the Same 

Technical Field 

The invention relates to a semiconductor device mounted 
on a memory substrate, a mother board, or the like and a method 
for manufacturing the same. 

Background Art 

A semiconductor chip such as a memory chip cutout from 
a semiconductor wafer is generally mounted on a printed 
substrate or the like in a packaging condition. However, an 
outer size of a package is considerably larger than the size 
of a various types of the semiconductor chips themselves and 
therefore , there is a certain limit in the number of the packages 
mountable on the printed substrate or the like. 

On the other hand, recently, a multichip module (MCM), 
in which a plurality of semiconductor chips are mounted on 
the substrate, is being popularized. Using the multichip 
module allows the followings: (1) miniaturization of a 
mounting area and weight reduction accompanying with this, 
(2) realization of a high performance and high speed by high 
density wiring and bear chip mounting, and (3) keeping high 
reliability. 

By the way, in the multichip module capable of a high 
density mounting described above, apluralityof semiconductor 
chips are mounted on a single substrate and therefore, a defect 
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ratio of respective semiconductor chips is accumulated to make 
a total defect ratio of the module large. For example, in 
the case where four memory chips are implemented on a single 
module substrate, only one defect memory chip causes overall 
defect of the module. Therefore, it is necessary handling 
to replace the defect memory chip as a repairing work and discard 
the overall module as a defect product. Thus, a low yield 
and a low efficiency occur. In addition, in the case where 
a plurality of semiconductor chips are mounted on a single 
substrate, each one of respective chips is mounted on a single 
substrate to complicate a manufacturing process . 

Disclosure of the Invention 

The present invention is achieved in consideration of 
such points and an object thereof is to provide a semiconductor 
device and a method for manufacturing thereof capable of 
reducing a defect ratio in manufacturing the semiconductor 
device mountable with high density and capable of simplifying 
the process. 

In the present invention, after a plurality of identical 
semiconductor chips (preferably, memory chip) are formed on 
the semiconductor wafer or after wiring, resin sealing, and 
terminal formation is carried out for these semiconductor chips , 
a go/no-go test (quality test) is conducted for each 
semiconductor chip. According to the result, a unit of one 
or a plurality of semiconductor chips is divided to form the 
semiconductor device. Dividing semiconductor chips is 
carried out according to the result of quality test. When 
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the semiconductor device comprising a plurality of 
semiconductor chips is manufactured, some defective 
semiconductor chips among them does not cause defect of overall 
semiconductor device . Thus , the defect rate in manufacturing 
the semiconductor device can be reduced. Because the 
semiconductor device comprising a plurality of semiconductor 
chips can be used in a process thereafter and thus , in comparison 
with application of combination of a plurality of semiconductor 
devices comprising a single semiconductor chip, the process 
thereafter can be simplified. 

Particularly, by practice of a mounting step composed 
of wiring, resin sealing, and terminal formation for respective 
semiconductor chips formed on the semiconductor wafer, in 
comparison with the case where the mounting step is carried 
out after respective semiconductor chips are individually 
divided more simplification of the process become possible. 

It is preferable that semiconductor chips, particularly 
memory chips, according to the result of quality test are 
divided in every group made of four pieces if four is possible 
to handle, every two pieces if four is impossible but two are 
possible to handle, and every one piece if two are impossible 
to handle. As described above, priority of dividing in a group 
of a plurality of pieces makes efficient manufacture of the 
semiconductor device of the large (for four pieces) unit 
possible. 

Brief Description of the Drawings 
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FIG-s lAto ID are diagrams showing amanuf acturingprocess 
of a memory module of a first embodiment; 

FIG. 2 is a diagram showing an outline of a memory chip 
formed on a semiconductor wafer; 

FIG . s 3A and 3B are diagrams showing an example of dividing 
method for the memory chip formed on the semiconductor wafer; 

FIG.s 4A to 4D are diagrams showing the manufacturing 
process of the memory module of a second embodiment; 

FIG. 5 is an enlarged sectional view of the memory chip 
mounted by CSP; and 

FIG. 6 is a diagram showing a connecting status between 
respective memory chips connected each other. 

Best Mode for Carrying Out the Invention 

A memory module of a first embodiment according to the 
present invention will be described below with reference to 
drawings . FIG . s 1A to ID are diagrams showing a manufacturing 
process of a memory module of a first embodiment. 

First, as shown in FIG.s 1A and IB, a semiconductor wafer 
2 which is, for example, a flake of silicon monocrystal, is 
introduced to form identical memory chips 1 thereon (a first 
step ) . Respective regions surrounded by a dotted line in FIG . 
IB shows one unit of the memory chip 1 (the smallest unit of 
division) and on the semiconductor wafer 2, a plurality of 
the memory chips 1 are formed. 

FIG. 2 is a diagram showing an outline of the memory chip 
1 formed on the semiconductor wafer 2. As shown in FIG. 2, 
the memory chip lis configured by including the semiconductor 
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wafer 2 with a predetermined size and a plurality of chip pad 
(pad for the chip) s 3 formed on the surf ace of the semiconductor 
wafer 2. The chip pad 3 is a connecting terminal to carry- 
out an electric connection to the substrate on which the memory 
chip 1 is mounted. 

In a status in which a plurality of memory chips 1 have 
been formed on the semiconductor wafer 2 in such manner, then 
each of memory chips 1 is subjected to quality test (a second 
step) . For example, to the chip pad 3 formed on each memory 
chip 1, a test probe is pressed to be electrically contacted 
for carrying out various function tests . By carrying out the 
quality test of each memory chip 1 for a unit of a whole the 
semiconductor wafer 2, in other words, by the quality test 
of a plurality of memory chips 1 formed on the semiconductor 
wafer 2 carried out at once, test efficiency is realized. 

Next, on the basis of a result of the quality test in 
the second step, as shown in FIG. 1C, the memory chips 1 
determined good are divided for the unit of a single or a 
plurality pieces (two or four pieces) (a third step). 

FIG . s 3A and 3B are diagrams showing an example of dividing 
method for a plurality of memory chips 1 formed on the 
semiconductor wafer 2 . FIG . 3A is a diagram showing the result 
of the quality test of each memory chip 1 in the second step 
as described above. Circled and crossing marks denote memory 
chips 1 determined good and memory chips 1 determined bad, 
respectively . FIG . 3B is a diagram showing how to divide memory 
chips 1 determined good in FIG. 3A. An area surrounded by 
a solid line shows a unit of dividing. As described above, 
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the memory chips 1 are divided in a unit of a group made of 
one or a plurality pieces ( 2 or 4 pieces ) . Preferably , dividing 
is carried out for a group made of pieces as many as possible. 
Therefore, the process according to the dividing method shown 
in FIG. 3B, four pieces are divided in the case where four 
memory chips 1 can be divided as a unit, two pieces are divided 
as a unit in the case where four memory chips 1 cannot be divided , 
and only one chip is divided in the case where two memory chips 
1 cannot be divided . In the case where this method for dividing 
is applied to the result of quality test shown in FIG. 3A, 
as shown in FIG. 3B, 1 set produced by dividing for four memory 
chips 1 as a unit is taken out, 3 sets produced by dividing 
for two memory chips 1 as a unit is taken out , and 3 sets produced 
by dividing for one memory chips 1 is taken out. According 
to such manner, the semiconductor device comprising one or 
a plurality of memory chips is fabricated. 

Next, as shown in FIG. ID, the memory chips 1 which are 
divided are mounted on the substrate 4 to complete finally 
a memory module 10a made by getting four pieces of the memory 
chips 1 as one unit, memory module 10b made by getting two 
pieces of the memory chips 1 as one unit, or memory module 
10c made by getting one pieces of the memory chips 1 (a fourth 
step) . For example, as a method of mounting on the substrate 
4, the chip pad 3, which is formed on the memory chip 1, is 
connected to an electrode (not illustrated) formed on the 
substrate 4 by using a bonding wire. 

When bit configuration of respective memory chips 1 is 
16 M x 4 bits, for example, the memory module 10a containing 
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four memory chips 1 can be used as memory device of any one 
of 16 M x 16 bits, 32 M x 8 bits, and 64 M x 4 bits according 
to wiring manner on the substrate (not illustrated) on which 
the memory module 10a is implemented. In addition, the memory 
module 10a can be handled as same as a single memory device. 
Therefore, processes of implementing on other substrates can 
be simplified. 

Similarly, when bit configuration of respective memory 
chips 1 is 16 M x 4 bits, the memory module 10b containing 
two memory chips 1 can be used as memory device of any one 
of 16 M x 8 bits and 32 M x 4 bits according to wiring manner 
on the substrate on which the memory module 10b is implemented . 
In addition, the memory module 10b can be handled as same as 
a single memory device. Therefore, processes of implementing 
on other substrates can be simplified and parts can be 
miniaturized. 

As described above, manufacture of the memory module 10 
is carried out by forming a plurality of identical memory chips 
on the semiconductor wafer 2 and dividing the memory chips 
1 judged to be nondefective by quality test. Therefore, a 
defect part of memory chips 1 does not cause defect product 
of overall memory module 10 to allow reducing the defect rate 
in manufacture of the memory module 10. 

Quality test of a plurality of memory chips 1, which is 
implemented on the semiconductor wafer 2, is simultaneously 
carried out in a unit of overall semiconductor wafer 2 as a 
single group. Therefore test efficiency can be improved. 
Furthermore, memory chips are divided in a unit of a group 
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made of one or a plurality of pieces (two or four pieces). 
Preferably , dividing is simultaneously carried out for a group 
made of pieces as many as possible. Namely, dividing for four 
pieces as a group as possible allows efficient manufacture 
of the memory module 10a for four pieces as a group. 

Furthermore, the memory module 10a and the memory module 
10b are mounted by the divided group of a plurality of memory 
chips 1 formed on the semiconductor wafer 2. In other words, 
a plurality of memory chips 1 are mounted in the status of 
connecting each other . Therefore , in comparison with the case 
where an individual memory chip 1 is divided from the 
semiconductor wafer 2 one by one to mount with a distance from 
each other memory chip 1 resulting in formation of the memory 
module, miniaturization of components can be realized by high 
density mounting. Also, mounting of a plurality of 
semiconductor chips 1 at once can be carried out and thus, 
fabrication process can be simplified. 

Next, the memory module of a second embodiment by an 
application of the present invention will be subsequently 
described. The memory module according to the present 
embodiment is fabricated by a chip size package mounting 
technique (CSP). FIG.s 4A to 4D are diagrams showing the 
fabrication procedure of the memory module according to the 
present embodiment. 

First, as shown in FIG.s 4A and 4B, the semiconductor 
wafer 12 is introduced to form identical memory chips 11 on 
this semiconductor wafer 12 (the first step). A plurality 
of respective regions surrounded with a dotted line in FIG. 
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4B show a single unit (the minimum unit of dividing) of the 
memory chip 11 after CSP mounting. Next, for a whole of the 
semiconductor wafer 12 in the status of forming a plurality 
of memory chips 11 , as shown in FIG. 4C, after conducting wiring 
and resin sealing, CSP mounting is carried out to form the 
terminal (the second step). 

FIG. 5 is an enlarged sectional view of the memory chip 

11 mounted by CSP. As shown in FIG. 5, the memory chip 11 
mounted by CSP is configured by including the semiconductor 
wafer 12, a wiring pattern 13, a via post 14, barrier metal 
15, a resin layer 16, and a solder ball 17. 

The wiring pattern 13 is formed by processing a metal 
thin film, which has been formed on a surface of the 
semiconductor wafer 12, by using a resist followed by 
electrolytic plating processing. The via post 14 is connected 
to the wiring pattern 13 and the barrier metal 15 is formed 
on top thereof. The resin layer 16 seals the surface of the 
semiconductor wafer 12. The resin layer 16 has a thickness 
almost equal to a height of the via post 14 and is formed to 
allow the barrier metal 15 to expose to outside in resin sealing . 
The solder ball 17 is a connection terminal to electrically 
connect the substrate for mounting of the memory chip 11. 

In the status in which according to such a manner, a 
plurality of memory chips 11 formed on the semiconductor wafer 

12 have been mounted by CSP, then quality test is conducted 
for respective memory chips 1 1 ( the third step ) . For example , 
by pressing a test probe to the solder ball 17 formed 
corresponding to respective memory chips 11 to electrically 
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contact, various function tests are conducted. Quality test 
of the memory chip 11 is conducted for whole semiconductor 
wafer 12 as a unit, in other words, quality test of a plurality 
of memory chips 11 formed on the semiconductor wafer 12 is 
conducted at once and hence , efficiency of the test is improved . 

Subsequently, on the basis of a result of quality test 
in the third step, as shown in FIG. 4D, memory chips 11, which 
have been mounted by CSP and determined as good, are divided 
in the unit of one or a plurality (two or four pieces) of 
semiconductor chips and then, finally, either the memory module 
20a having four memory chips 11 divided, the memory module 
20b having two memory chips 11 divided, or the memory module 
20c having one memory chip 11 divided is completed (a fourth 
step) . Concretely, the dividing method shown in FIG. s 3A and 
3B applied to the first embodiment described above is adopted. 

As described above , after forming a plurality of identical 
memory chips 11 on the semiconductor wafer 12 , the CSP mounting 
is carried out. Among respective memory chips 11 mounted by 
CSP, those only determined as good by a quality test are divided 
to fabricate the memory module 20 as the semiconductor device 
and thus , it does not take place that a part of defective memory 
chips 11 contained in the memory module 2 0 makes whole of the 
memory module 20 defective. Therefore, defect ratio can be 
reduced in fabrication of the memory module 20. 

For the memory module 20a and memory module 20b, those 
made by dividing a plurality of memory chips 11 from the 
semiconductor wafer 12 in the group are mounted. Hence, in 
comparison with the case, where after dividing a single memory 
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chip 11 from the semiconductor wafer 12 one by one the memory 
module is formed by mounting with a distance between respective 
memory chips 1, miniaturization of components can be realized 
by such high density mounting . Particularly , miniaturization 
of the mounting area becomes the minimum due to the CSP mounting . 
On the basis of quality categories, dividing is performed to 
produce the memory module 20a or the like including memory 
chips 11 as many as possible and thus, the memory module 20a 
or the like including many memory chips can be efficiently 
fabricated. 

The present invention is not restricted to the above 
described embodiment and allows various modifications of 
practice in a range of scope of the present invention. For 
example, respective memory chips 1 included the semiconductor 
wafer 2 according to the above described first embodiment may 
connect corresponding terminals each other by a wire within 
respective memory chips 1. For example, a power supply 
terminal of respective memory chip 1 receives a common supply 
voltage and a clock terminal receives a common operation clock 
signal . in the case where respective terminals receiving the 
same voltage or respective terminals used for inputting the 
same signal are connected each other in formation of respective 
memory chips 1 to divide four pierces or two pieces of memory 
chips 1 simultaneously, it is adapted to apply the common 
voltage to or input the common signal in any one of four pierces 
or two pieces of memory chips 1. In this manner, by wiring 
between each other inside respective memory chips 1 , the number 
of wires between a plurality of memory chips 1 and the substrate 



- 12 - 



4, on which these chips are mounted, can be reduced to simplify 
mounting procedure. 

However, how to make a combination adjacent respective 
memory chips 1 to divide can be known until practice of quality 
test and therefore, as shown in FIG. 6, it is preferable to 
wire same terminals of all the adjacent memory chips 1 each 
other . In addition , the case , where the power supply terminals 
or the clock terminals are connected each other, has been 
described as an example. However, other terminals, for 
example, address terminals or data terminals may be connected 
each other. When same address terminals are connected each 
other, if a bit structure of one memory chip 1, for example, 
is 16 M x 4 bits, in the memory module 10b made by dividing 
simultaneously two memory chips 1, the bit structure of 16 
M x 8 bits can be easily realized by using fewer numbers of 
the wire. In the memory module 10a made by dividing 
simultaneously four memory chips 1, the bit structure of 16 
M x 16 bits can be easily realized by using fewer numbers of 
the wire. On the other hand, when same data terminals are 
connected each other, if a bit structure of one memory chip 
1, for example, is 16 M x 4 bits, in the memory module 10b 
made by dividing simultaneously two memory chips 1, the bit 
structure of 32 M x 4 bits can be easily realized by using 
fewer numbers of the wire. In the memory module 10a made by 
dividing simultaneously four memory chips 1 , the bit structure 
of 64 M x 4 bits can be easily realized by using fewer numbers 
of the wire. 
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Similarly, corresponding terminals of memory chips 11 
contained in the semiconductor wafer 12 according to the above 
described second embodiment may be connected each other by 
wiring. However, in this case, other than the case where, 
in the semiconductor wafer 12 terminals of respective memory 
chips 11 are connected each other, it may be adapted to connect 
terminals of respective memory chips 11 each other by using 
the wire (the wiring pattern 13 shown in FIG. 5) formed in 
CSP mounting. 

The bit configuration of respective the memory chip 1 
is assumed 16 M * 4 bits in the embodiment described above, 
other bit configuration is possible. Besides, a combination 
of different bit configurations or memory chips 1 with 
different capacities is possible. In the embodiment 
described above, the case described is of an example in that 
the memory chip is used for the semiconductor chip to 
manufacture the memory module as the semiconductor device. 
This example can be applied to the case where the semiconductor 
chip of various chips other than the memory chip, for example, 
a processor chip and ASIC, is used for manufacturing the 
semiconductor device. 

In the above described first embodiment , the memory module 
10 is formed by mounting a plurality of or one memory chip 
1, which is made by dividing, on the substrate 4. However, 
it may be adapted to directly mount the memory chip 1 on a 
mother board of a personal computer. 

Industrial Applicability 
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As described above, according to the present invention, 
the unit of one or a plurality of semiconductor chips is divided 
from the semiconductor wafer according to the result of quality 
test. Therefore, when the semiconductor device, which 
comprises a plurality of semiconductor chips and is capable 
of high density mounting, is fabricated, the following accident 
does not occur: the whole of the semiconductor device becomes 
defective caused by defect of a part of semiconductor chips 
among them and thus , defect ratio can be reduced in fabricating 
the semiconductor device. Furthermore, the semiconductor 
device comprising a plurality of semiconductor chips can be 
used in a post-step and therefore, in comparison with the case 
where a plurality of semiconductor devices comprising a single 
semiconductor chip, the post-step can be simplified. 
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CLAIMS 



1. A semiconductor device, wherein said semiconductor 
device is formed, after a plurality of identical semiconductor 
chips that are formed on a semiconductor wafer, by dividing 
the semiconductor chips in a unit of one or a plurality according 
to a result of a quality test for each semiconductor chips. 

2. The semiconductor device according to claim 1, wherein 
said semiconductor chips are memory chips . 

3. A semiconductor device, wherein said semiconductor 
device is formed, after wiring, resin sealing, and terminal 
formation are carried out for a plurality of identical 
semiconductor chips, by dividing the semiconductor chips in 
a unit of one or a plurality according to a result of a quality 
test or each semiconductor chips . 

4. The semiconductor device according to claim 3, wherein 
said semiconductor chips are memory chips. 

5. A method for manufacturing the semiconductor device, 
comprising: 

a first step of forming a plurality of identical 
semiconductor chips on a semiconductor wafer; 

a second step of carrying out a quality test for each 
of a plurality of said semiconductor chips formed on said 
semiconductor wafer; and 

a third step of dividing one or a plurality pieces of 
said semiconductor chips on the basis of a result of said quality 



test. 
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6 . The method for manufacturing the semiconductor device 
according to claim 5, wherein said semiconductor chips are 
memory chips. 

7. The method for manufacturing the semiconductor device 
according to claim 5, wherein said plurality of semiconductor 
chips are divided in every group made of four pieces if four 
pieces are possible to handle, every two pieces if four pieces 
are impossible but two are possible to handle, and every one 
piece if two are impossible to handle, after said quality test 
is carried out. 

8. A method for manufacturing the semiconductor device, 
comprising: 

a first step of forming a plurality of identical 
semiconductor chips on a semiconductor wafer; 

a second step of carrying out wiring, resin sealing, 
terminal formation for a plurality of said semiconductor chips 
formed on said semiconductor wafer; 

a third step of carrying out a quality test of each of 
a plurality of said semiconductor chips, which is formed on 
said semiconductor wafer, by using said terminal formed by 
said second step; and 

a fourth step of dividing one or a plurality of said 
semiconductor chips on the basis of a result of said quality 
test. 

9. The method for manufacturing the semiconductor device 
according to claim 8, wherein said semiconductor chips are 
memory chips . 
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10. The method for manufacturing the semiconductor device 
according to claim 8, wherein said plurality of semiconductor 
chips are divided in every group made of four pieces if four 
pieces are possible to handle, every two pieces if four pieces 
are impossible but two are possible to handle, and every one 
piece if two are impossible to handle, after said quality test 
is carried out. 
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Abstract 

A semiconductor device and a method for manufacturing 
the semiconductor device mountable with high density, which 
includes a simplified process but is capable of reducing a 
defect rate . A plurality of identical memory chips are formed 
on a semiconductor wafer, and a go/no-go test is conducted 
on all the memory chips . The semiconductor wafer is cut and 
divided into pieces that each consists of one, or two, or four 
good memory chips , and they are mounted on a substrate to form 
a memory module. 
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